A B S T R A C T The presence of circulating immune complexes (IC) in patients with infective endocarditis has been well documented but the contributions of host and bacterial components to these IC have not been defined. To study this question, IC were isolated from serum of a patient with Streptococcus faecalis endocarditis by differential polyethylene glycol precipitation and competitive binding to staphylococcal protein A. A rabbit antiserum raised against the purified IC had reactivity by crossed immunoelectrophoresis primarily with an antigen derived from the cytoplasm of the infective organism. The antigen was a protein with a 12,000-dalton molecular mass. In situ radiolabeling of the IC bound to the protein A demonstrated a component of the same molecular mass as the bacterial antigen recognized by the antiserum. The patient serum had multiple antibody specificities reactive with bacterial antigens, including the antigen recognized by the rabbit anti-IC antiserum. These techniques for isolation and characterization of circulating IC may have value in the study of IC diseases in which the inciting antigens are not known.
INTRODUCTION
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stimulus is known. Localization of IgG (1) and bacterial antigens (2) in glomeruli have implicated immune complexes (IC) in the pathogenesis of the glomerulonephritis associated with IE, but it has not been resolved whether such extracardiac manifestations of the disease derive from in situ formation or from deposition of circulating IC. Circulating IC have been documented in IE by several methods, using cryoprecipitation (3), polyethylene glycol (PEG) precipitation and Clq binding (4) , and binding to Raji cells (5) , but the relationship of the IC to exogenous vs. endogenous antigens of the host has not been clarified. Autoimmune reactants including antigammaglobulins (6) (7) (8) could be involved in IC formation, although no correlation was observed in one study between IC levels in patients with IE and the amount of rheumatoid factors measured by radioimmunoassay (9) . Autoantibodies to other endogenous antigens (10) added and the tubes centrifuged at 1,000 g for 10 min. The supernate was aspirated, and the pellet was resuspended in 1.0 ml PBS-Az containing 5 mg/ml rabbit IgG. After another 2-h incubation at 37°C with frequent agitation, the tubes were centrifuged at 1,000 g for 20 min. The Staph A pellets were washed two times by centrifugation with 2 ml PBS-Az, then 200 ul of either 3 M NaSCN or 1% sodium dodecyl sulfate (SDS) were added to the tubes. Previous studies showed comparable recovery of IC using these eluants (12) . After incubation at 37°C for 30 min with frequent agitation, tubes were centrifuged at 1,000 g for 20 min and the supernate aspirated. The NaSCN eluates were dialyzed against PBS before use. The SDS eluates were used in SDS-polyacrylamide gel electrophoresis (SDS-PAGE) without further modification.
Immunization with IC. Preimmune sera were taken from rabbits before starting the immunization procedures. The material eluted from the Staph A with 3 M NaSCN was emulsified with equal volumes of complete Freund's adjuvant. This was used for immunization of rabbits by subcutaneous inoculation using 0.4 ml of immunogen per rabbit on each occasion. After the initial immunization, there were two booster injections 2 and 3 wk later. A control immunization used a NaSCN eluate from Staph A alone.
Surface radiolabeling of IC. The procedure outlined above for isolation of IC was carried out to completion of Staph A washing after incubation with rabbit IgG. PBS, rather than PBS-Az, was used for washes to avoid interference with the radiolabeling procedure. The Staph A-bound IC were radiolabeled by the lactoperoxidase (LPO) method (13) as follows. To the tubes containing the washed Staph A pellets were added 20 Mg of LPO (Calbiochem-Behring Corp.), 250 MCi of Na251I (Amersham Corp., Arlington Heights, IL), and 10 Ml of H202. These were incubated with gentle agitation for 30 min, then the reaction was stopped with 0.5 ml PBS-Az. The radiolabeled IC were then eluted from the Staph A with either 3 M NaSCN or 1% SDS as described above. Control labeling of Staph A alone, without addition of serum or IgG, was performed concurrently.
Isolation and culturing of bacteria. S. faecalis isolated from the patient's blood was cultured on a blood agar plate. Colonies from the plate were removed with loops for inoculation of 250 ml of Todd-Hewitt broth (Difco Laboratories, Detroit, MI), and incubated overnight at 37°C. The culture was centrifuged at 1,000 g for 20 min and the supernatant aspirated. The pellet was resuspended in 5 ml Todd-Hewitt broth and stored at -70°C in 0.3-ml lots. A 1% inoculation of bacteria from the frozen stock concentrate (50 Ml) was removed to inoculate 5 ml of chemically defined medium (CDM), as developed by van de Rijn and Kessler (14) . Growth of bacteria was monitored by optical density and when bacteria were in their log growth phase, 500 ml of CDM was inoculated with the 5 ml subculture. This was incubated overnight at 37°C.
Fractionation of bacteria. -These methods have been described in detail previously (15, 16 using an Amicon DM10 filter (Amicon Corp., Lexington, MA). Bacteria were broken by glass bead disintegration (15) in a vibrogen cell mill (Rho Scientific, Commack, NY). Differential centrifugations were then used to separate cell wall, cell membrane, and cytoplasm. For detergent extraction of cell wall and membrane, 10 mg of material was added to 1 ml of 4% Triton X-100 (in 0.5 M Tris-HCl, pH 8.9) and incubated at 37°C for 4 h with stirring. After centrifugation (30,000 g for 10 min) the supernatant was removed for analysis. Acid extraction of the cell wall was performed by adding 0.5 ml 0.2 N HCI to 10 mg cell wall. This was placed in a boiling water bath for 5 min, cooled on ice, and neutralized to pH 7.0 with 1 N NaOH. After centrifugation (1,000 g for 10 min) the supernatant was removed for study. Immunological methods. Reactivity of rabbit antiserum was examined by double diffusion in agar plates and by immunoelectrophoresis. Rocket electrophoresis was performed as previously described (17) . Crossed immunoelectrophoresis (XIE) was performed on glass plates (50 X 50 X 0.6 mm) using 1% agarose gels prepared from Seakem HGT (Marine Colloids, Inc., Rockland, ME) (18, 19) . Electrophoresis was carried out at 5 V/cm for 60 min using a Pharmacia flat bed (Pharmacia Inc.) and a Lauda cooling system. After electrophoresis, an agarose strip (10 X 50 mm) containing the separated antigens was retained on each plate while the rest of the gel was removed and replaced with 1% agarose containing either rabbit antiserum or patient serum. Electrophoresis was then carried out perpendicular to the original direction at 2 V/cm for 16-20 h. Gels were alternately pressed and washed three times with 0.1 M NaCl. After a final press, they were Rabbit antiserum reactivity with bacterial components. Using Laurell rocket electrophoresis, the main reactivity of the antiserum was with the antigenic preparation derived from the bacterial cytoplasm (Fig.  2) . Reactivity could be demonstrated with a 0.05 mg/ ml concentration of the cytoplasm. A lower degree of reactivity was present with the acid extract of the bacterial cell wall, with no precipitate seen at concentrations <6.0 mg/ml. There was no reactivity of the antiserum with the bacterial extracellular products, the detergent extract of the cell wall, nor with the bacterial membrane. Preimmune serum and antiserum from rabbits immunized with Staph A alone did not react with any streptococcal components. XIE (Fig. 3) showed that there was a single antigen in the cytoplasmic preparation with which the antiserum reacted. The immunoprecipitate in XIE was eliminated by prior incubation of the antigen with trypsin. The single precipitate seen when the cytoplasm was electrophoresed into the rabbit antiserum was contrasted with the XIE pattern seen when the cytoplasm reacted with the patient's serum under the same conditions (Fig. 4) . In the latter there were several precipitates observed. For comparison, the cytoplasmic preparation was electrophoresed into the serum of another patient (R.D.) with S. faecalis IE (Fig. 5) . This patient's serum also recognized several antigenic determinants in the cytoplasm of the bacterium, although the patterns appeared distinct from the first patient, both in electrophoretic mobility of the antigens and shape of the immunoprecipitates. Serum from a patient with Streptococcus faecium IE, a closely related group D streptococcus, also showed reactivity with the cytoplasm of S. faecalis, but with fewer specificities (Fig. 6) . Sera from IE patients infected with the following organisms were all negative for reactivity with S. faecalis antigens: Streptococcus mitior, Streptococcus bovis, Staphylococcus aureus, Candida albicans. PEG precipitation of antigen. To exclude the possibility that the rabbit was immunized with free, uncomplexed antigen derived from the patient's serum, a study using PEG precipitation was performed. Using the 5% PEG for the isolation of the IC, it was demonstrated that the PEG precipitate of the purified bacterial cytoplasm did not show reactivity with the rabbit anti-IC antiserum, whereas the supernatant did. When the bacterial cytoplasm was incubated with NHS, then the PEG precipitation carried out, once again only the supernatant showed reactivity with the rabbit antiserum (Fig. 7) . The presence of the antigen in the Staph A eluate used for immunization indicates that the antigen in the patient serum was precipitated by 5% PEG and suggests that it was bound specifically to immunoglobulin.
Molecular mass determination of bacterial cytoplasmic antigen. Exogenous radiolabeling of the cy- toplasmic preparation with "25I was performed by the LPO method. The preparation was electrophoresed in XIE using rabbit antiserum as described above. After pressing and staining, the immunoprecipitates were excised, placed in a test tube containing 200 ul 1% SDS, 0.5 M NaHCO3, bromphenol blue, and glycerol. This was placed in boiling water for 2 min, then transferred to SDS-PAGE. Molecular mass was derived from comparison with known molecular mass markers electrophoresed in the same run under identical conditions. The main peak of activity indicated a component of 12,000 daltons, with a second peak at 24,000 daltons (Fig. 8) . The absence of 2-mercaptoethanol in the SDS-PAGE resulted in no change in this two-peak pattern.
Surface labeling of Staph A-bound IC. Confirmation of the excised rocket analysis was sought by comparing these results with those obtained by in situ radiolabeling of the patient IC bound to the Staph A. Surface labeling of the Staph A-bound IC (Fig. 9) illustrates on SDS-PAGE a 12,000-dalton component. The presence of a 24,000-dalton peak could not be assessed because this component is obscured by the L of excised immunoprecipitate derived from XIE of radiolabeled S. faecalis cytoplasm electrophoresed into agar containing rabbit anti-IC antiserum. Top of gel to the right. Peaks correspond to molecular mass of 12,000 and 24,000 daltons. chain of IgG peak, which is labeled and eluted concomitantly with the antigen. Control labeling experiments of Staph A alone (Fig. lOa) and Sepharose-protein A (Fig. lOb) itively. The cycle of elution, dissociation and reassociation of antigen and antibody moieties might result in denaturing effects on each component. The identity of the 12,000-dalton component defined by the anti-IC antiserum reacting with bacterial products (Fig. 8 ) and the 12,000-dalton component defined by surfacelabeling of IC (Fig. 9) Successful immunization of the rabbit by the immunoglobulin moiety of the IC was confirmed by immunoelectrophoresis. To search for bacterial antigens within the IC, S. faecalis isolated from the patient's blood was cultured and fractionated into constituent parts. The organism was cultured in a CDM so that the reactivity with bacterial antigens could be assessed in conditions free of contamination by serum. XIE indicated that the predominant reactivity of the rabbit antiserum was against a protein derived from the bacterial cytoplasm. The molecular mass of this component, as measured by SDS-PAGE, was 12,000 daltons. A component of 24,000 daltons was also observed on SDS-PAGE, suggesting the possibility of a dimeric form of the lower molecular mass component or a second antigen.
The possibility that the rabbit had been immunized with free antigen from patient serum was minimized by the finding that the antigen either alone or when incubated with NHS was not precipitable in the 5% PEG used for isolation of the IC. The finding of a small amount of reactivity of the rabbit antiserum with a bacterial cell wall component indicated that the circulating IC in the patient's serum likely were heterogeneous, containing at least two different antigenantibody systems. The possibility exists that immunization of additional animals might have revealed additional bacterial products contributing to IC formation. The persistence of IC for a prolonged period after the patient's blood cultures became sterile and the sustained immune response to bacterial antigens suggests that some of the delayed manifestations of IE may be secondary to the host immune response to soluble products of bacteria rather than peripheral deposition of viable organisms.
Although the patient had demonstrable antibodies against several bacterial antigens, the IC studied suggested that only a select few of these antigen-antibody systems were represented in the population of circulating IC. It may be that the other antigen-antibody systems in the patient serum were not represented in our analyzed IC because the IC of these alternative specificities were rapidly cleared from the patient's circulation by the monocyte-macrophage system. Alternatively, the sampling of blood may have occurred at a time of marked antibody excess, when these antigens were present only in trace amounts. It is also possible that the two antigens detected were more immunogenic than the others. Even with the same infecting organism the patterns of antibodies elicited by different patients can be quite dissimilar, as was observed in the XIE pattern of two patients' serum against the cytoplasm of S. faecalis. The value of the rabbit antiserum in these analyses was as an immunospecific probe with reactivity restricted to those antigens involved in IC formation, in contradistinction to the patient serum that revealed multiple reactivities against a variety of antigens. The observation that multiple immunoreactivities of patients' sera, as detected by XIE, were sustained for a prolonged period after institution of antimicrobial therapy implies a continuing immunogenic stimulus by bacterial antigens that could be involved in IC-mediated injury at varied levels and at different stages of disease.
In two clinical models of IC disease where etiological factors are known (hepatitis B virus-related vasculitis and IE) the techniques herein described have demonstrated microbial antigens in purified IC. On the basis of this experience, comparable methods of study may lead to the identification and characterization of antigens involved in IC formation in diseases of unknown etiology.
